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Two and more Loci

> Two loci A and B having an effect on the same quantitative
trait.

» Additional effect in genetic model: Interaction effect (also
known as epistasis)

P Interaction occurs if effect of one locus can have an influence
on the effect of the other locus

P Interaction is quantified by

Iap =V — Vap—Vp



Influence of Two Loci on Quantitative Trait

Two Loci Influencing a Quantitative Trait

Locus A Locus B
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Va=pa+BVy+ Dy Vs = pp + BV + Dy
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Quantify Interaction Effect

For Animal d with genotype:
A,‘AjBkBl

Total Genetic Value Viju

as mean phenotypic value (Y)

accross different environments
(E1to E7):
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Inp=Viju—Va—Vsg

Vs = up+ BVs+ Dp




More Than Two Loci

Many Loci Influencing a Quantitative Trait

Locus A Locus B Locus C

i

V=Va+Ve+Ve+...+Ispc..

with  Ippo = Iap+ Iac+ Ipc + Iape



Summary Genetic Model

» Given genetic model
V=Va+Veg+Vc+..+lngc.
» Decomposition
V = pua+BVpa+Da+pupg+BVe+Dg+pc+BVe+De+...4+as.c...
> Re-group

V:;LA—F,LLB—I-Mc—I-...—{—BVA—}—BVB—I—BVC—I—...
+Da+Dg+ Dc+ ...+ lag.c..

» Collect
V=p+BV+D+lspc..



Extend to Phenotypes

» We know from earlier

Y=V+E

» Insert decomposition of V

Y=pu+BV+D+lxpc..

» For breeding, only BV is important

Y =u+BV+E*

with E* =D+ Ip.gc... + E

+E



Split of Environment

Non-genetic environment is split into

» known part, corresponding to additional information on
animal, like herd, age, sex, ... leads to vector of fixed effects
and regression coefficients — b

P unknown part leads to random resiudal part — e



Model of Phenotypic Observation

Phenotypic observation (y;) of an animal i can be modelled as

where

Yi
Xi

ui

€i

yi=x b+ ui+e

phenotypic observation of animal i

vector of regression covariates or indicator values
for fixed effects

vector of unknown fixed effects and unknown re-
gression coefficients

random breeding value of animal i

random environmental effects of animal i



Aggregation over Population

Take all observations from all animals in a given population

where

o <

NS

y=X-b+Z -u+e

vector of phenotypic observations of all animals
vector of unknown fixed effects and unknown re-
gression coefficients

vector of random breeding values of all animals
vector of random environmental effects

design matrix with regression covariates or indica-
tor values for fixed effects

design matrix relating breeding values to observa-
tions



Example Dataset |

Animal Sire Dam Herd Weaning Weight Breast Circumference
14 1 5 1 2.44 1.48
15 1 5 1 241 1.47
16 1 6 2 251 1.50
17 1 6 2 2.55 1.47
20 2 8 1 2.34 1.46
21 2 8 1 1.99 1.38




Example Dataset Il

» Weaning weight as response variable y

P Breast circumference as regression variable

» Herd as fixed effect

» Breeding values for
» animals with observations: own-performance
P sires: sire model
> all animals in pedigree: animal model



